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(57) ABSTRACT 

Astructure and method for a ?eld effect transistor capable of 
handling high currents, comprises interleaved source and 
drain diffusion regions With drain diffusion contacts to a ?rst 
metal level over the drain diffusions only; While a second 
metal level covers the full Width of the device and takes 
current out of the source in a primarily vertical direction. 
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ASYMMETRICAL MOSFET LAYOUT FOR HIGH 
CURRENTS AND HIGH SPEED OPERATION 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention generally relates to inte 
grated circuit designs, and more particularly to a ?eld effect 
transistor device capable of handling high currents and 
implemented for high-speed operation. 

[0003] 2. Description of the Related Art 

[0004] As integrated circuit dimensions continue to shrink 
and operational speeds increase, electromigration of on-chip 
metal becomes more dif?cult to manage. Field effect tran 
sistors (FETs) can carry a lot of current in high-speed 
applications and, as such, it is becoming a more frequent 
result that the metal coverage of the small devices is not 
ample enough to ensure reliable operation. 

[0005] Conventional systems typically utiliZe a large num 
ber of ?eld effect transistors elements integrated in a semi 
conductor chip. It is Well knoWn that each FET element 
includes a source, a drain, and a gate. Typically, the gate, 
drain, and source diffusions of FETs are Wired up on one or 
tWo levels of metal as determined by the connectivity 
requirements of the circuit being built. 

[0006] The peak drain/source current (Ids) ?oWing 
through a very Wide and very short (large W/L ratio) FET 
Will violate metal current density rules if the diffusions are 
contacted laterally using narroW strips of M1 metal. Increas 
ing the Widths of these strips necessitates an increase in 
source/drain diffusion Width, Which in turn increases the 
parasitic capacitance on these nodes. 

[0007] A standard ?eld effect transistor device layout 1 is 
shoWn in FIG. 1, Wherein the Width of M1 metal 10 has been 
increased to handle the lateral How of current through the 
M1 metal 10 and into the drain diffusions that are not 
directly beloW the M2 metal 11 that supplies the drain With 
current. 

[0008] The Width of the M1 metal 9 that carries current 
laterally out of the source diffusions to M2 metal 16 is also 
increased from its minimum value. The polysilicon gate 
region 12 is further shoWn along With the M1-M2 contacts 
15 and the diffusion-M1 contacts 14 dispersed along the 
length of the channels de?ned by the intersection of diffu 
sion region 13 and polysilicon gate region 12. 

[0009] The source and drain diffusions that are under the 
M1 metal 9 and M1 metal 10 are also Widened to handle the 
eXtra metal. In this conventional layout, the M2 metal 11 
connection to the drain and M2 metal 16 connection to the 
source are arranged parallel to each other but perpendicular 
to the channel formed by the diffusion region 13 and 
polysilicon gate region 12 

[0010] The source and drain diffusions 17, 18 are de?ned 
by the portions of diffusion region 13 that are not intersected 
With the polysilicon gate region 12 The draWbacks of this 
conventional device are several. For eXample, the Widening 
of these diffusions 17, 18 to handle the increased lateral 
current increases the capacitance and can sloW the perfor 
mance of the device. Moreover, this lateral How of current 
through the source and drain diffusions 17, 18 increases the 
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resistance in series With both the drain and source of the 
device. This increased resistance also decreases the perfor 
mance of the device. 

[0011] A second device 2 and technique that can be used 
is to break the drain M2 metal 20 and source M2 metal 21 
into interdigitated strips, is shoWn in FIG. 2. In this manner, 
the current does not How very far laterally before being 
channeled up through a contact to M2 metal (20 or 21). The 
source and drain diffusions 27, 28 are de?ned by the portions 
of diffusion region 23 that are not intersected With the 
polysilicon gate region 22. The polysilicon gate region 22 is 
further shoWn along With the M1-M2 contacts 25 and the 
diffusion-M1 contacts 24 dispersed along the length of the 
channels de?ned by the intersection of diffusion region 23 
and polysilicon gate region 22. The problem With this 
approach is that the spacing requirements betWeen drain M2 
metal 20 and source M2 metal 21 strips is large enough such 
that it utiliZes valuable space needed by the M2 metal to 
carry high currents Without having electromigration prob 
lems. 

[0012] In other prior art devices, various con?gurations of 
?eld effect transistors are described, such as those disclosed 
in US. Pat. No. 5,625,207 (teaching a poWer transistor 
formed of many parallel FET elements Where the element 
source and drain electrodes are at the same level, While the 
component electrodes are one level of metal higher With 
current from the elements ?oWing vertically up into the 
component electrodes); U.S. Pat. No. 5,750,416 (teaches a 
poWer FET Where the current ?oWs laterally through the 
device then vertically through the substrate to the drain 
electrode, thus the device is double diffused but not in the 
channel region); U.S. Pat. No. 5,844,277 (teaches a double 
diffused poWer MOSFET); US. Pat. No. 6,066,877 (teaches 
a vertical poWer MOSFET With loW on resistance, With a 
thick metal layer lying on top of the transistors contact 
metal); U.S. Pat. No. 6,159,841 (teaches an interdigitated 
poWer MOSFET With loW resistance, With thick uniform 
level metal interconnects); Japanese Patent Number 
JP9064063 (teaches a poWer FET With the gate electrodes 
perpendicular to the plane of the active areas); and European 
Patent Number EP1096573A2 (teaches a poWer FET With a 
reduced gate-to-drain capacitance by etching that portion of 
the polysilicon gate region, Which overlaps the drain); the 
complete disclosures of Which are herein incorporated by 
reference. HoWever, one important characteristic absent 
from all the prior art devices is that the con?guration of the 
interdigitated source and drain diffusions does not provide a 
method by Which the current ?oW through the drain/source 
is maXimiZed While at the same time the capacitive loading 
on the drain diffusion is minimiZed. By failing to provide for 
this optimiZe the device con?guration for this combined 
effect, the maXimum possible device performance in all of 
the prior art devices is not achieved. Thus, there is a need for 
a ?eld effect transistor capable of handling high currents and 
operating at high speeds, Which reduces the overall capaci 
tance in the drain or source of the device and maXimiZes the 
current ?oW through the device, thereby increasing device 
performance. 

SUMMARY OF THE INVENTION 

[0013] In vieW of the foregoing and other problems, 
disadvantages, and draWbacks of the conventional ?eld 
effect transistor devices, the present invention has been 
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devised, and it is an object of the present invention to 
provide a structure and method for a ?eld effect transistor 
capable of handling high currents and adapted for high 
speed operation. It is another object of the present invention 
to provide a ?eld effect transistor device, Which results in 
higher device performance. It is yet another object of the 
present invention to provide a ?eld effect transistor device 
Which reduces lateral current How in the ?rst level of metal 
used to connect to the drain or source of a device, thereby 
improving the metal electromigration problems. 

[0014] In order to attain the objects suggested above, there 
is provided, according to one aspect of the invention, a ?eld 
effect transistor comprising interleaved source and drain 
diffusion regions With a plurality of drain diffusion contacts 
to a ?rst metal level over the drain diffusions only; While a 
second metal level covers the full Width of the device and 
takes current out of the source in a substantially vertical 
direction. Alternately, the ?eld effect transistor comprises 
interleaved source and drain diffusion regions With a plu 
rality of source diffusion contacts to a ?rst metal level over 
the source diffusions only; While a second metal level covers 
the full Width of the device and takes current out of the drain 
in a substantially vertical direction. 

[0015] The drain, gate, and source of the multi-?nger ?eld 
effect transistor are fabricated using the process steps con 
sistent With a standard MOSFET process. The source 
regions are de?ned to be the minimum length alloWable by 
technology ground rules. The drain regions are de?ned to be 
the length necessary to contain tWo or more roWs of Diffu 
sion-M1 contacts. The polysilicon gate regions are de?ned 
to have equal ?nger Widths. 

[0016] Other features of the device are that the second 
metal covers a full Width or nearly the full Width of the ?eld 
effect transistor. Moreover, the source diffusion region has a 
minimum length and the second metal removes current out 
of the source region in a substantially vertical direction. 
Furthermore, the drain current is carried from the drain 
diffusion region in a substantially lateral direction on a ?rst 
level of metal having greater than minimum length to protect 
against electromigration in that region Alternatively, the 
source current is carried from the source diffusion region in 
a substantially lateral direction on a ?rst level of metal 
having greater than minimum length to protect against 
electromigration in that region. 

[0017] Also, the drain region comprises a plurality of 
drain diffusion contacts to a ?rst metal level over the drain 
region only. Additionally, the source region has a capaci 
tance loWer than the drain region. Alternately, the source 
region comprises a plurality of source diffusion contacts to 
a ?rst metal level over the drain region only and the drain 
region has a capacitance loWer than the source region. 

[0018] In the device, one of the diffusions is chosen as the 
loW capacitance, loW resistance path up to the M2 level. This 
is shoWn as the narroWer diffusion and has minimum capaci 
tance associated With it. Here, the current feeds straight up 
into the M2 lead With very little lateral ?oW, thereby 
reducing the risk of metal electromigration and hence 
increasing the current carrying capacity of the device. Also, 
the M2 that does collect the current can be con?gured to 
encompass the full Width of the device. These novel ele 
ments make this design eXcellent for electromigration reli 
ability. The other diffusion is considered sacri?cial in the 
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sense that the M1 must be fattened extensively to handle the 
large lateral How of current off to the side of the device. 
HoWever, in most circuit designs, such as the prior art 
devices shoWn in FIGS. 1 and 2, there is usually a node, 
either source or drain, that does not need to be fast. Another 
bene?t of the present device is the reduction of the metal 
resistance from the source (or drain) diffusion area to the 
metal 2. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] The foregoing and other objects, aspects and 
advantages Will be better understood from the folloWing 
detailed description of the preferred embodiments of the 
invention With reference to the draWings, in Which: 

[0020] FIG. 1 is a schematic diagram of a conventional 
device; 
[0021] FIG. 2 is a schematic diagram of a conventional 
device; 
[0022] FIG. 3 is a schematic diagram of a ?eld effect 
transistor according to the present invention; and 

[0023] FIG. 4 is a How diagram illustrating a preferred 
method of the invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS OF THE INVENTION 

[0024] As previously mentioned, there is a need for a 
novel ?eld effect transistor device capable of handling high 
currents and adapted for high-speed operation. Moreover, as 
stated above, as integrated circuit dimensions continue to 
shrink and operational speeds increase, electromigration of 
on-chip metal becomes more dif?cult to manage. Field effect 
transistors tend to carry a lot of current in high-speed 
applications and, as such, it is becoming a more frequent 
problem that the metal coverage of the small devices is not 
ample enough to ensure reliable operation. 

[0025] In response to this need, the present invention 
describes a layout pattern and technique that alloWs for high 
currents in ?eld effect transistors Without a sacri?ce in 
device performance. What is disclosed is a ?eld effect 
transistor comprising a drain comprising a ?rst diffusion 
region and a ?rst metal; a source comprising a second 
diffusion region and a second metal, Wherein the source is 
larger in siZe than the drain; and a source connection 
comprising a third metal connected to the second metal, 
Wherein the third metal is dimensioned to cover a Width of 
the ?eld effect transistor. The third metal takes current out of 
the source in a substantially vertical direction, Wherein the 
vertical direction is a direction perpendicular to a plane of 
the second metal. Moreover, current ?oWs from the source 
in a substantially lateral direction, Wherein the lateral direc 
tion is a direction parallel to a plane of the second metal. 
Alternatively, a current ?oWs from the drain in a substan 
tially lateral direction, Wherein the lateral direction is a 
direction parallel to a plane of the ?rst metal. Furthermore, 
the source further comprises a plurality of source diffusion 
contacts to the ?rst metal, Wherein the drain diffusion 
contacts are over the source only. Also, the source has a 
capacitance that is loWer than that of the drain. 

[0026] Referring noW to the draWings, and more particu 
larly to FIG. 3, there are shoWn preferred embodiments of 
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the structure according to the present invention. In the 
preferred embodiment, a ?eld effect transistor device 3 is 
shoWn comprising a drain 30 connection (embodied as an 
M1 metal), a source 31 connection (embodied as an M2 
metal), a polysilicon gate region 32, a diffusion region 33, 
With an M1-M2 contact 35 and a diffusion-M1 contact 34 
arranged therein. The source and drain diffusions 38, 39 are 
de?ned by the portions of diffusion region 33 that are not 
intersected With the polysilicon gate region 32. 

[0027] The ?eld effect transistor 3 comprises interleaved 
drain diffusion regions With drain diffusion contacts 34 to a 
?rst metal level 30 over the drain diffusions only; While the 
second metal level 31 covers the full Width of the device and 
takes current out of the source in a primarily vertical 
direction. The M1 drain metal level 30 comprises multiple 
?nger like projections 36. The drain metal contacts the drain 
diffusions through diffusion-M1 contacts 34. The M2 source 
metal level 31 comprises a rectangular metal shape that 
covers the entire Width of the device or nearly the entire 
Width. The source metal contacts the source diffusions 
through the diffusion-M1-M2 contact stack 35. The poly 
silicon gate region 32 also comprises ?nger like projections 
37. 

[0028] The general method of forming such a device 3 is 
illustrated in FIG. 4. First, the polysilicon gate is deposited 
40 on the Wafer. The different length source and drain 
diffusions are de?ned by making the interdigitated ?ngers on 
this mask in an asymmetrical fashion. Next, the lightly 
doped diffusions (LDD) representing the sources and drains 
are implanted/diffused 42 in the regions betWeen the gate 
blocking layer. Then, an oxide space is placed 44 on each 
side of the polysilicon gate blocking layer. Here, an oxide 
space is placed on each side of the polysilicon gate 20 and 
the highly doped diffusions (HDD) are implanted. This 
completes the formation of the “basic” intrinsic FET. 
Finally, the diffusion and polysilicon contacts are built 46 
and then the interconnect Wiring and their associated vias 
contacts are added 48. 

[0029] Other features of the device 3 are that the second 
metal 31 covers a full Width or nearly the full Width of the 
?eld effect transistor 3. Furthermore, the drain current is 
carried from the drain diffusion region (38 or 39) in a 
substantially lateral direction on a ?rst level of metal having 
greater than minimum length to protect against electromi 
gration in that region. Alternatively, the source current is 
carried from the source diffusion region (38 or 39) in a 
substantially lateral direction on a ?rst level of metal having 
greater than minimum length to protect against electromi 
gration in that region 

[0030] Also, the drain region (38 or 39) comprises a 
plurality of drain diffusion contacts 34 to a ?rst metal level 
over the drain region only 30. Additionally, the source region 
(38 or 39) has a capacitance loWer than the drain region (38 
or 39). Alternately, the source region (38 or 39) comprises a 
plurality of source diffusion contacts 35 to a ?rst metal level 
over the source region only 30 and the drain region (38 or 
39) has a capacitance loWer than the source region (38 or 
39). 
[0031] In the device 3, the source diffusion (38 or 39) is 
chosen as the loW capacitance, loW resistance path up to the 
M2 level. This is shoWn as the narroW diffusion and has 
minimum capacitance associated With it. Here, the current 
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feeds straight up into the M2 lead With very little lateral 
draW, thereby reducing overall capacitance in the device. 
Also, the M2 that does collect the current can be con?gured 
to encompass the full Width of the device 3. These novel 
elements make this design excellent for electromigration 
reliability. The other diffusion is considered sacri?cial in the 
sense that the M1 must be fattened extensively to handle the 
large lateral How of current off to the side of the device 3. 
HoWever, in most circuit designs, such as the prior art 
devices shoWn in FIGS. 1 and 2, there is usually a node, 
either source or drain, that does not need to be fast. Another 
bene?t of the current device 3 is the reduction of the metal 
resistance. 

[0032] It should be recogniZed that the source and the 
drain (38 or 39) can be interchanged in the described 
embodiment. While the invention has been described in 
terms of preferred embodiments, those skilled in the art Will 
recogniZe that the invention can be practiced With modi? 
cation Within the spirit and scope of the appended claims. 

What is claimed is: 
1. A ?eld effect transistor comprising: 

a drain comprising a ?rst diffusion region and a ?rst 

metal; 
a source comprising a second diffusion region and a 

second metal, Wherein said source is larger in siZe than 
said drain; and 

a source connection comprising a third metal connected to 
said second metal 

2. The ?eld effect transistor of claim 1, Wherein said third 
metal is dimensioned to cover a Width of said ?eld effect 
transistor. 

3. The ?eld effect transistor of claim 1, Wherein said third 
metal takes current out of said source in a substantially 
vertical direction, Wherein said vertical direction is a direc 
tion perpendicular to a plane of said second metal. 

4. The ?eld effect transistor of claim 1, Wherein a current 
?oWs from said source in a substantially lateral direction, 
Wherein said lateral direction is a direction parallel to a plane 
of said second metal. 

5. The ?eld effect transistor of claim 1, Wherein a current 
?oWs from said drain in a substantially lateral direction, 
Wherein said lateral direction is a direction parallel to a plane 
of said ?rst metal. 

6. The ?eld effect transistor of claim 1, Wherein said 
source further comprises a plurality of source diffusion 
contacts to said ?rst metal, Wherein said drain diffusion 
contacts are over said source only. 

7. The ?eld effect transistor of claim 1, Wherein said 
source has a capacitance that is loWer than that of said drain. 

8. A MOSFET device comprising: 

a drain comprising a ?rst diffusion region and a ?rst 

metal; 

a source comprising a second diffusion region and a 
second metal level, Wherein said source is larger in siZe 
than said drain; and 

a source connection comprising a third metal connected to 
said second metal. 

9. The device of claim 8, Wherein said third metal is 
dimensioned to cover a Width of said device. 
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10. The device of claim 8, wherein said third metal takes 
current out of said source in a substantially vertical direc 
tion, Wherein said vertical direction is a direction perpen 
dicular to a plane of said second metal. 

11. The device of claim 8, Wherein a current ?oWs from 
said source in a substantially lateral direction, Wherein said 
lateral direction is a direction parallel to a plane of said 
second metal. 

12. The device of claim 8, Wherein a current ?oWs from 
said drain in a substantially lateral direction, Wherein said 
lateral direction is a direction parallel to a plane of said ?rst 
metal. 

13. The device of claim 8, Wherein said source further 
comprises a plurality of source diffusion contacts to said ?rst 
metal, Wherein said drain diffusion contacts are over said 
source only. 

14. The device of claim 8, Wherein said source has a 
capacitance that is loWer than that of said drain. 

15. A ?eld effect transistor comprising: 

an interleaved source diffusion region and drain diffusion 
region; 

a plurality of drain diffusion contacts to a ?rst metal level, 
Wherein said drain diffusion contacts are over said drain 
diffusion region only; and 

a second metal level dimensioned to cover a Width of said 

?eld effect transistor, 

Wherein said second metal level takes current out of said 
source region in a substantially vertical direction, 
Wherein said vertical direction is a direction perpen 
dicular to a plane of said second metal level. 

16. A ?eld effect transistor comprising: 

an interleaved source diffusion region and drain diffusion 
region; 

a plurality of source diffusion contacts to a ?rst metal 
level, Wherein said source diffusion contacts are over 
said source diffusion region only; and 

a second metal level dimensioned to cover a Width of said 

?eld effect transistor, 
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Wherein said second metal level takes current out of said 
drain region in a substantially vertical direction, 
Wherein said vertical direction is a direction perpen 
dicular to a plane of said ?rst metal level. 

17. A method for forming a ?eld effect transistor, said 
method comprising: 

forming a drain region, Wherein said drain region com 
prises a ?rst diffusion region and a ?rst metal; 

forming a gate region adjacent said drain region; 

forming a source region, Wherein said source region 
comprises a second diffusion region and a second 
metal; 

con?guring said source region to be smaller in siZe than 
said drain region; and 

forming a source connection comprised of a third metal 
connected to said second metal. 

18. The method of claim 17, further comprising forming 
said third metal is to cover a Width of said ?eld effect 
transistor. 

19. The method of claim 17, Wherein said third metal 
takes current out of said source in a substantially vertical 
direction, Wherein said vertical direction is a direction 
perpendicular to a plane of said second metal level. 

20. The method of claim 17, Wherein in said step of 
forming a source region, a current ?oWs from said source in 
a substantially lateral direction, Wherein said lateral direc 
tion is a direction parallel to a plane of said second metal. 

21. The method of claim 17, Wherein in said step of 
forming a drain region, said drain region further comprises 
a plurality of drain diffusion contacts to said ?rst metal, 
Wherein said drain diffusion contacts are over said drain 
only. 

22. The method of claim 17, Wherein in said step of 
forming a source region, said source region has a capaci 
tance that is loWer than that of said drain region. 


